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Intranasal immunization of mice with CpG DNA 
induces strong systemic and mucosal responses that are 
influenced by other mucosal adjuvants and antigen 
distribution 

McCluskie, Michael J.; Weeratna, Risini D. ; Davis, 
Heather L. 

Loeb Health Research Institute, Ottawa Hospital, 
Ottawa, K1Y 4E9, Can. 

Molecular Medicine (New York) (2000), 6(10), 867-877 
CODEN: MOMEF3; ISSN: 1076-1551 
Johns Hopkins University Press 
Journal 

„ WJ _, . English 

Synthetic oligodeoxynucleotides (ODN) contg. immunostimulatory 
cytosine-guanine phosphate-linked dinucleotide (CpG) motifs are 
potent systemic and mucosal adjuvants in mice that have 
synergistic action with numerous other adjuvants, including alum 
and cholera toxin (CT) . Herein, we evaluate CpG ODN with 

intranasal (IN) delivery of purified hepatitis B surface antigen (HBsAg) , 
relative to and in combination with CT, Escherichia coli heat labile 
enterotoxin (LT) , the B subunit of CT (CTB) , and a nontoxic deriv. of LT 
(LTK63) . BALB/c mice were immunized by IN administration of HBsAg, alone 
or combined with CT, LT, CTB, or LTK63, and/or CpG ODN, or non- 
CpG control ODN. In addn . , the effect of low-or high-vol . 
administration was assessed, in order to target upper respiratory or 
entire respiratory tract, resp. HBsAg-specif ic systemic (Igs: IgG, IgGl, 
IgG2a in plasma) and mucosal (IgA in fecal, lung, vaginal, saliva, and gut 
samples) humoral responses, as well as cell-mediated immune responses 
including T-cell proliferation and cytokines (interleukins ; IL-4, IL-5; 
interferon: I FN-. gamma.) were evaluated. CpG ODN, CT, and LT 
augmented anti-HBs titers equally, and more so than did CTB or LTK63 . 
CpG ODN acted synergistically with CT and LT, but not 
CTB or LTK63 to enhance anti-HBs titers. Nevertheless, CpG ODN 
induced a more Thl-like response for all combinations, compared with the 
same formulation without CpG. Strength of induced systemic and 
mucosal immune responses was better with IN delivery of a large vol. A 
small vol. required multiple administrations and higher doses of antigen 
and adjuvant for equal results. This suggests that delivery of antigen to 
the lung and/or digestive system is superior to delivery to the nasal 
cavity. Our results suggest that the synergy between CpG ODN 
and native toxins (CT, LT) may depend on their enzymic activity and that 
the lack of synergy with nontoxic derivs. (LTB, LTK63) arises, since they 
do not have enzymic activity. Because both CT and LT are too toxic for 
use in humans, it is possible that CpG ODN may be combined with 
bacterial toxin mutants that retain some enzymic activity to optimize 
immune augmentation 
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Regulation of murine airway eosinophilia and Th2 cells 
by antigen-conjugated CpG 
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immunomodulator 
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AB The characteristic features of bronchial asthma reflect the orchestrated 
activity of Th2 cells. Oligodeoxynucleotides contg. CpG motifs 
(CpG) have recently been highlighted as an immunomodulator that 
biases toward a Thl-dominant phenotype. We have previously reported that 
intratracheal coadministration of CpG and allergen inhibited 
airway eosinophilia and hyperresponsiveness in a synergistic 
manner. To substantiate the synergism between CpG and 
Ag, we introduced a covalently linked conjugate between CpG and 
Ag and examd. the efficacy on airway eosinophilia and Th2 cytokine prodn. 
We found that the conjugated form of CpG plus Ag was 100-fold 
more efficient in regulating airway eosinophilia than the unconjugated 
mixt. The inhibitory effects lasted for at least 2 mo. The inhibition of 
airway eosinophilia by the conjugate was Ag specific and assocd. with an 
improvement of the airway hyperresponsiveness and the unresponsiveness of 
the Ag-specific Th2 cells in the regional lymph nodes. The CpG 
-Ag conjugate was 100-fold more effective than the unconjugated mixt. 
inducing in vitro Thl differentiation in an IL-12-dependent manner, 
data show that CpG conjugated to Ag can work as a novel 
Ag-specific immunomodulator and imply that inhalation of allergen- 
CpG conjugate could be a desensitization therapy for patients with 
bronchial asthma. ^ mriTo 
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AB The present invention relates to synergistic combinations of 

immunostimulatory CpG oligonucleotides and immunopotentiating _ 
cytokines. The immunopotentiating cytokine is GM-CSF, interleukin 3, 
interleukin 5, interleukin 12, interferon .gamma., 

TNF. alpha., Fit 3 ligand or fusion protein comprising the cytokine and 
antigen. The immunostimulatory CpG oligonucleotides and 
immunopotentiating cytokine are used together with antigen selected f 
the group consisting of a tumor antigen, microbial antigen or allerge 
The antigen and the adjuvant compn. is useful for immunotherapy. 
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AB The present invention relates to synergistic combinations of 
immunostimulatory CpG oligonucleotides and immunopotentiating 
cytokines. The immunopotentiating cytokine is GM-CSF, interleukin 
3, interleukin 5, interleukin 12, interferon .gamma., TNF. alpha., 
Flt3 ligand or fusion protein comprising the cytokine and an antigen, 
immunostimulatory CpG oligonucleotides and immunopotentiating 
cytokine are used together with antigen selected from the group consisting 
of a tumor antigen, microbial antigen or allergen. m1 ~ ~ 3 
adjuvant compn. is useful for immunotherapy. 
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Novel roles of CpG oligodeoxynucleotides as a 
leader for the sampling and presentation of CpG 
-tagged antigen by dendritic cells. 

Shirota H; Sano K; Hirasawa N; Terui T; Ohuchi K; Hattori 
T; Shirato K; Tamura G 

First Department of Internal Medicine and Department of 
Dermatology, Tohoku University School of Medicine, Sendai, 
Japan . 

JOURNAL OF IMMUNOLOGY, (2001 Jul 1) 167 (1) 66-74. 
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Entered STN: 20010924 
Last Updated on STN: 20010924 
Entered Medline: 20010920 
Oligodeoxynucleotides containing CpG motifs have been 

highlighted as potent Thl activators. We previously reported that Ag and 
CpG, when conjugated together, synergistically promoted 
the Ag-specific Thl development and inhibited the Th2-mediated airway 
eosinophilia. In this study, we examined the mechanisms underlying the 
synergism of the covalent conjugation. The CpG-OVA 
conjugate enhanced the Thl activation and development. These 
characteristic features of the conjugate could not be ascribed to the 
polymerization of OVA, but mirrored the augmented binding of the 
CpG-tagged Ag to dendritic cells (DCs) in a CpG-guided 
manner, because phycobiliprotein, R-PE, conjugated to CpG 

stained a higher proportion of DCs with higher intensity than the mixture. 
R-PE fluorescence was emitted from cytoplasmic portions of the DCs, which 
simultaneously expressed costimulatory molecules and IL-12. The 
CpG-conjugated R-PE trafficking described above actually served as 
a potent Ag. These results indicate that CpG conjugated to Ag 
exhibit novel joint properties as promoters of Ag uptake and DC 
activators, thereby potentiating the ability of DCs to generate Thl cells. 
The DNA-mediated promotion of Ag uptake would be advantageous for evoking 
host immune responses against invading microorganisms. 
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CpG oligonucleotides are potent adjuvants for the 
activation of autoreactive encephalitogenic T cells in 
vivo . 

Segal B M; Chang J T; Shevach E M 

Laboratory of Immunology, National Institute of Allergy and 
Infectious Diseases, National Institutes of Health, 
Bethesda, MD 20892, USA. 

JOURNAL OF IMMUNOLOGY, (2000 Jun 1) 164 (11) 5683-8. 
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sm of action of microbial adjuvants in promoting the 
tion of autoimmune effector cells remains to be elucidated. We 




demonstrate that CpG-containing oligodeoxynucleotides (ODN) can 
completely substitute for heat-killed mycobacteria in the priming of 
encephalitogenic myelin-reactive T cells in vivo. The adjuvanticity of the 
CpG ODN was secondary to their direct ability to induce IL-12 or 
to act synergistically with endogenous IL-12 to promote Thl 
differentiation and encephalitogenicity . T cells primed in the absence of 
CpG with Ag and I FA alone appeared to be in a transitional state 
and had not undergone differentiation along a conventional Th pathway. 
Unlike Th2 cells, they expressed low levels of the IL-12R beta 2 subunit 
and retained the ability to differentiate into encephalitogenic effectors 
when reactivated in vitro under Thl-polarizing conditions. These results 
support the use of CpG ODN as adjuvants but also suggest that 
they could potentially trigger autoimmune disease in a susceptible 
individual . 
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IFN-alpha beta promote priming of antigen-specific CD8+ and 
CD4 + T lymphocytes by immunostimulatory DNA-based vaccines. 
Cho Hearn Jay; Hayashi Tomoko; Datta Sandip K; Takabayashi 
Kenji; Van Uden John Henry; Horner Anthony; Corr Maripat; 
Raz Eyal 

Division of Hematology/Medical Oncology, Department of 
Medicine, New York Presbyterian Hospital and Cornell 
Medical Center, 525 East 68th Street, New York, NY 10021.. 
hjc2001@med. Cornell . edu 
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JOURNAL OF IMMUNOLOGY, (2002 May 15) 168 (10) 4907-13. 
Journal code: 2985117R. ISSN: 0022-1767. 
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Journal; Article; (JOURNAL ARTICLE) 
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Last Updated on STN: 20020620 
Entered Medline: 20020619 
Immunostimulatory sequence (ISS) DNA containing unmethylated CpG 
dinucleotides stimulate NK and APC to secrete proinflammatory cytokines, 
including IFN-alphabeta and -gamma, TNF-alpha, and IL-6 and -12, and to 
express costimulatory surface molecules such as CD40, B7-1, and B7-2. 
Although ISS DNA has little direct effect on T cells by these criteria, 
immunization of wild-type mice with ISS DNA and OVA results in Ag-specific 
CTL and Thl-type T helper activity. This investigation examines the 
mechanisms by which ISS DNA primes CD8(+) and CD4 (+) lymphocyte 
activities. In this report we demonstrate that ISS DNA regulates the 
expression of costimulatory molecules and TAP via a novel autocrine or 
paracrine IFN-alphabeta pathway. Coordinated regulation of B7 
costimulation and TAP-dependent cross-presentation results in priming of 
Ag-specific CD8 (+) CTL, whereas CD40, B7, and IL-12 costimulation is 
required for priming of CD4(+) Th cells by ISS-based vaccines. 
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AB Human plasmacytoid dendritic cells (DC) (PDC, CD123+) and myeloid DC (MDC, 
CDllc+) may be able to discriminate between distinct classes of microbial 
molecules based on a different pattern of Toll-like receptor (TLR) 
expression. TLR1-TLR9 were examined in purified PDC and MDC.TLR9, which 
is critically involved in the recognition of CpG motifs in mice, 
was present in PDC but not in MDC. TLR4, which is required for the 
response to LPS, was selectively expressed on MDC. Consistent with TLR 
expression, PDC were susceptible to stimulation by CpG 

oligodeoxynucleotide (ODN) but not by LPS, while MDC responded to LPS but 
not to CpG ODN. In PDC, CpG ODN supported survival, 

activation (CD80, CD86, CD40, MHC class II), chemokine production (IL-8, 

IP-10) and maturation (CD83) . CD40 ligand (CD40L) and CpG ODN 

synergized to activate PDC and to stimulate the production of IFN-alpha 

and IL-12 including bioactive IL-12 p70. Previous incubation of PDC with 

IL- 3 decreased the amount of CpG-induced IFN-alpha and shifted 

the cytokine response in favor of IL-12. CpG ODN-activated PDC 

showed an increased ability to stimulate proliferation of naive allogeneic 

CD4 T cells, butThl polarization of developing T cells required 

simultaneous activation of PDC by CD40 ligation and CpG ODN. 

CpG ODN-stimulated PDC expressed CCR7 , which mediates homing to 

lymph nodes. In conclusion, our studies reveal that IL-12 p70 production 

by PDC is under strict control of two signals, an adequate exogenous 

microbial stimulus such as CpG ODN, and CD4 0L provided 

endogenously by activated T cells. Thus, CpG ODN acts as an 

enhancer of T cell help, while T cell-controlled restriction to foreign 

antigens is maintained. 
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Bacterial DNA does not increase serum corticosterone 
concentration or prevent increases induced by other 
stimuli. 
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R^M-prial DNA containing unmethylated CpG motifs (CpG 

DNA1 other microbial molecules such as lipopolysaccharide (LPS) have a 

broid range of Tmmune stimulatory effects, which may include many shared 

f s i pathways leading to enhanced cytokine production. Some 

cy okines activate thZ hypothalamic-pituitary-adrenal (HPA) axis, and 
their production is downregulated by products of the HPA axxs 
(glucocorticoids). Because such interactions have practical implications 
in the clinical use of CpG DNA, the present study was done to 
examine the effects of CpG DNA and LPS on serum corticosterone 
concentrations. In contrast to LPS, administration of CpG DNA 
(dSa from Escherichia coli) (30-300 microg) alone did not significantly 
increase serum corticosterone concentrations 1 or 4 h arter 
administration. Administration of CpG DNA to mice prior to LPS 
caused a synergistic increase in serum tumor necrosis 

factor-alX (TNF-alpha), indicative of an immune stimulatory effect LPS 

and TOF-aipha however, induced similar levels of corticosterone with or 

without concomitant CpG DNA. Increasing doses of LPS caused peak 

cSicosterone levels^imilar to those induced by LPS in combination with 

CpG DNA. Exogenous TNF-alpha administered in vivo induced 

comparable concentrations of corticosterone with or without CpG 

DNA An alternative stressor (restraint) yielded similar levels of 

corticosterone with or without CpG DNA. These results indicate 

t-v-.f r „ r nNA does not induce corticosterone release or alter its 

release by other s L i, indicating biologically important differences m 

S i«ne effect compared to those of LPS, and possibly reduced toxicity. 
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OBJECTIVE: To investigate the features of arthritis induced by bacterial 
DNA that contain CpG motifs. METHODS: Bacterial DNA originating 
from Escherichia coli and Staphylococcus aureus or synthetic 
oligonucleotides containing CpG motifs were in : ected directly 
into knee joints of mice. Histopathologic joint damage, antibody levels, 
cytokine levels, and synovial messenger RNA (mRNA) expression of cytokines 
and chemokines were assessed. RESULTS: Histopathologic signs of arthritis 
were evident within 2 hours and lasted for at least 3 weeks . _ Nonmethylated 
CpG motifs were responsible for the induction of arthritis since 
oligonucleotides containing these motifs triggered arthritis whereas 
methylation of these nucleotides abrogated the inf lammatory re sponse 
iritis was characterized by an influx of monocytic, Mac- + fells and by 
a scarcity of T lymphocytes. The disease was characterized locally by mRNA 
expresSS of macrophag^-derived cytokines (tumor necrosis factor alpha, 
interleukin-12 [IL-12] , IL-lbeta) and chemokines 

(monocle chemoattractant protein 1, RANTES) in arthritic DOints. 
Svstemically, the arthritis was characterized by increased levels of 
circuTa"ng y iL-6 and immunoglobulins. CONCLUSION: These findings 
demonstrate that bacterial DNA that contain nonmet hylated CpG 
motifs induces arthritis, suggesting an important pathogenic role for 



AB 



bacterial DNA in septic arthritis. 
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JOURNAL OF IMMUNOLOGY, (1998 Oct 15) 161 
Journal code: 2985117R. ISSN: 0022-1767. 
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English , , _ , 

Abridged Index Medicus Journals; Priority Journals 

199811 

Entered STN: 19990106 
Last Updated on STN: 19990106 
Entered Medline: 19981104 
Certain sequences of nucleotides (CpG motifs) in bacterial DNA 
or synthetic oligonucleotides (C P G DNA) promote the production 
of proinflammatory cytokines, including TNF-alpha, IFN-gamma, IL-6 , and 
IL-12 Here we demonstrate that the immunosuppressant cyclosporin A (CsA) 
unexpectedly enhanced CpG DNA-induced IL-12 production in murine 
splenocytes. CsA did not inhibit CpG DNA-induced TNF-alpha or 
IL-6 production, but decreased the production of IFN-gamma by CpG 
Sa Son examining mechanisms by which CsA increases IL-12 production, we 
found that CpG DNA can also induce IL-10 production m B cells 
aid that thS production was sensitive to CsA. IL-10 has anti-inflammatory 
erfecK and can reduce the production of IL-12. To determine the possible 
role of CsA-modulated IL-10 production in mediating the increased IL-12 
levels, splenocytes from IL-10 gene-disrupted mice (IL-10 -/-) and 
splenocytes cultured in anti-IL-10 Ab were studied CpG 

DNA-stimulated IL-10 (-/-) splenocytes demonstrated no increase m IL-12 

levels in the presence of CsA. Anti-IL-10 Ab treatment of normal 

splenocytes increased the magnitude of CpG DNA-induced IL-12 

production to that seen with CsA. These results suggest that CpG 

DNA induces CsA-sensitive IL-10 production m B cells and that IL-10 acts 

as a negative feedback regulator of CpG DNA-induced IL-12 

production. 
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Regulation of murine airway eosinophils and Tn2 cells 
by antigen-conjugated CpG t _ 

oligodeoxynucleotides as a novel antigen-specific 
immunomodulator 

Shirota, Hidekazu; Sano, Kunio; Kikuchi, Tadasni; 
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First Department of Internal Medicine, 
University School of Medicine, Sendai, 
Journal of Immunology (2000), 164(11), 
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English 1 ^ , 

eristic features of bronchial asthma reflect the orchestrated 
Th2 cells. Oligodeoxynucleotides contg. CpG motifs 



Tohoku 

980-8574, Japan 
5575-5582 



(CpG) have recently been highlighted as an immunomodulator that 
biJses toward a ThI-dominant phenotype. We have previously reported that 
intratracheal coadministration of CpG and allergen inhibited 
airway eosinophilia and hyperresponsiveness in a synergistic 
manner. To substantiate the synergism between CpG and 
Aa we introduced a covalently linked conjugate between CpG and 
Ag'and examd. the efficacy on airway eosinophilia and Th2 cytokine prodn. 
We found that the conjugated form of CpG plus Ag was 100-fold 
more efficient in regulating airway eosinophilia than the unconjugated 
25 The inhibitor? effects lasted for at least 2 mo The inhibition of 
airway eosinophilia by the conjugate was Ag specific and assocd. with an 
improvement of the airway hyperresponsiveness and the unresponsiveness of 
the Ag-specific Th2 cells in the regional lymph nodes. The CpG 
-Ag conjugate was 100-fold more effective than the unconjugated mixt for 
inducing in vitro Thl differentiation in an IL-12-dependent manner. Our 
data show that CpG conjugated to Ag can work as a novel 
Ag-specific immunomodulator and imply that inhalation of allergen- 
ic conjugate could be a desensitization therapy for patients with 

REFERENS^OUNT" 3 '^' 4 8 THERE ARE 4 8 CITED REFERENCES AVAILABLE FOR THIS 
REFERENCE C0UN1 . RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 
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AB The'present invention relates to synergistic combinations of 

immunostimulatory CpG oligonucleotides and ™^^ nt ^^^ eukin 3 
cytokines. The immunopotentiating cytokine is GM-CSF, mterleukm 3 , 
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Intranasal immunization of mice with CpG DNA 
induces strong systemic and mucosal responses that 
influenced by other mucosal adjuvants and antigen 
distribution. t t t , 

McCluskie, Michael J.; Weeratna, Risini D.; Davis, 

U) ( Loeb Health Research Institute, Ottawa Hospital, 725 
Parkdale Avenue, Ottawa, K1Y 4E9: hdavis@LRI . ca Canada 
Molecular Medicine (New York), (October, 2000) Vol. 6, No. 
10, pp. 867-877. print. 
ISSN: 1076-1551. 
Article 
English 

English . . 

Synthetic oligodeoxynucleotides (ODN) containing 



BacKorouna: anctxL. wjL-i-y ^u^v^j, ■ - , 

i^munostimulatory cytosine-guanine phosphate-linked da.nucleot.de ( 
CpG) motifs are potent systemic and mucosal adjuvants in mice that 
hive synergistic action with numerous other adjuvants , ^luding 
alum and cholera toxin (CT) . Herein, we evaluate CpG ODN with 
intranasal (IN) delivery of purified hepatitis B surface antigen (HBs Ag) , 
relative to and in combination with CT, Escherichia coll heat labile 
ente"r£oxin (LT) , the B subunit of CT (CTB) , and a nontoxic derivative of 
LT (LTK63). Materials and Methods: BALB/c mice were immunized by IN 
administration of HBsAg, alone or combined with CT, LT, CTB, or LiKbJ, 
and/or CpG ODN, or non-CpG control ODN. In addition, 

the effect of low-or high-volume administration was assessed, in order to 

taraet upper respiratory or entire respiratory tract, respectively. 

Sg-speciric systemic 7 (immunoglobulins: IgG, IgGl, IgG2a in plasma) and 

mucosal (IgA in Leal, lung, vaginal, saliva, and gut tles humoral 

responses, as well as cell-mediated immune responses including T cell 

proliferation and cytokines (interleukins : IL-4, IL-5; 

interferon: IFN-gamma) were evaluated. Results: CpG ODN CT and 

LT augmented anti-HBs titers equally, and more so than did CTB or LTKoJ . 

CpG ODN acted synergistically with CT and LT, but not 

CTB or LTK63 to enhance anti-HBs titers. Nevertheless, CpG ODN 

induced a more Thl-like response for all combinations, compared with the 

same formulation without CpG. Strength of induced systemic and 

mucosal immune responses was better with IN delivery of a large volume A 

small vo™ required multiple administrations and higher doses of antigen 

and adjuvant for equal results. This suggests that delivery of antigen to 

tne lung and/or diges-tive system is superior to delivery to the nasal 

cavity. Conclusions: Our results suggest that the synergy between 

CpG ODN and native toxins (CT, LT) may depend on their enzymatic 

activity and that the lack of synergy with nontoxic derivatives (LTB, 

LTK63 ) arises, since they do not have enzymatic activity Because both CT 

and LT are too toxic for use in humans, it is possible that CpG 

ODN may be combined with bacterial toxin mutants that retain some 

enzymatic activity to optimize immune augmentation. 
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TITLE - a unique microbial stimulus for plasmacytoid dendritic 
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Human plasmacytoid dendritic cells (DC) (PDC, CD123+) and myeloid DC (MDC, 
cmTc + P ) may be able to discriminate between distinct classes °f microbial 
molecules based on a different pattern of Toll-like receptor (TLR) 
expression. TLR1-TLR9 were examined in purified PDC and MDC. TLR9, whicn 
is critically involved in the recognition of CpG motifs in mice, 
was present in PDC but not in MDC. TLR4, which is required for the 
reLonJJ to LPS, was selectively expressed on MDC. Consistent with TLR 
expression, PDC were susceptible to stimulation by CpG 

oUgodeoxynucleotide (ODN) but not by LPS, while MDC responded to LPS but 
not to CpG ODN. In PDC, CpG ODN supported survival, 

activation (CD80, CD86, CD40, MHC class II), chemokine production (IL-8, 
iSof and maturation (CD83) . CD40 ligand (CD40L) and CpG ODN 
synergized to activate PDC and to stimulate the production of I ™-alpha 
and IL-12 including bioactive IL-12 P 70. Previous incubation of PDC with 
IL-3 decreased the amount of CpG-induced 

TFH ., lnh , and shifted the cytokine response m favor of 1L-L^. (-pi* 
ODN-acSvated p£c showed an'increased ability to stimulate proliferation 
of naive allogeneic CD4 T cells, butThl polarization of developing T cells 
required simultaneous activation of PDC by CD4 0 ligation and C P G 
ODN. CpG ODN-stimulated PDC expressed CCR7, which mediates 
homing to lymph nodes. In conclusion, our studies reveal that IL-12 p70 
production by PDC is under strict control of two signals, an adequate 
exogenous microbial stimulus such as C P G ODN, and CD40L provided 
endoqenously by activated T cells. Thus, CpG ODN acts as an 
enhancer of T cell help, while T cell-controlled restriction to foreign 
antigens is maintained. 
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Novel roles of CpG oligodeoxynucleot ides as a 
leader for the sampling and presentation of CpG 
-tagged antigen by dendritic cells. 
Shirota H; Sano K; Hirasawa N; Terui T; Ohuchi K; 
T; Shirato K; Tamura G 

First Department of Internal Medicine and Department of 
Dermatology, Tohoku University School of Medicine, Sendai, 
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Journal code: 2985117R. ISSN: 0022-1767. 
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Oligodeoxynucleotides containing CpG motifs have been 

highlighted as potent Thl activators. We previously reported that Ag and 
CpG, when conjugated together, synergistically promoted . 
the Ag-specific Thl development and inhibited the Th2-mediated airway 
eosinophilia. In this study, we examined the mechanisms underlying the 
synergism of the covalent conjugation. The CpG-OVA 
conjugate enhanced the Thl activation and development. These 
characteristic features of the conjugate could not be ascribed to the 
polymerization of OVA, but mirrored the augmented binding of the 
CpG-tagged Ag to dendritic cells (DCs) in a CpG-guided 

manner, because phycobiliprotein, R-PE, conjugated to CpG mi xture 
stained a higher proportion of DCs with higher intensity than the mi *ture. 
RPE fluorescence was emitted from cytoplasmic portions of the DCs, which 
simultaneously expressed costimulatory molecules and IL- 
12 The CpG-conjugated R-PE trafficking described above 
actually served as a potent Ag. These results indicate that CpG 
conjSgated"o Ag exhibit novel joint properties as promoters of Ag uptake 
and DC activators, thereby potentiating the ability of DCs to generate Thl 
cells ?he DNA-mediated promotion of Ag uptake would be advantageous for 
evoking host immune responses against invading microorganisms. 
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of action of microbial adjuvants in promoting the^ 



AIDS 



"of autoimmune effector cells remains to be elucidated. We 



demonstrate that CpG-containing oligodeoxynucleotides (ODN) can 
completely substitute for heat-killed mycobacteria in the priming of 
encephallLgenic rayelin-reactive T cells in vivo. The adjuvanticity of the 
CpG ODN was secondary to their direct ability to induce IL 
-12 or to act synergistically with endogenous 

IL-12 to promote Thl differentiation and 

encephalitogenicity. T cells primed in the absence of CpG with 
Ag and I FA alone appeared to be in a transitional state and had not 
undergone differentiation along a conventional Th pathway. Unlike Th2 
cells? ttey expressed low levels of the IL-12R beta 2 subumt and retained 
the ability to differentiate into encephalitogemc effectors when 
reactivated in vitro under Thl-polarizing conditions. These results 
support the use of CpG ODN as adjuvants but also suggest that 
they could potentially trigger autoimmune disease in a susceptible 
individual . 
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AB The characteristic features of bronchial asthma reflect the orchestrated 
activity of Th2 cells. Oligodeoxynucleotides containing CpG 
motifs (CpG) have recently been highlighted as an 

immunomodulator that biases toward a Thl-dominant phenotype We have 

previously reported that intratracheal coadministration of CpG 

and allergen inhibited airway eosinophilia and hyperresponsiveness m a 

synergistic manner. To substantiate the synergism 

between CpG and Ag, we introduced a covalently linked conjugate 

between CpG and Ag and examined the efficacy on airway 

eosinophilia and Th2 cytokine production. We found that the conjugated 

form of CpG plus Ag was 100-fold more efficient in regulating 

airway eoJinophilia than the unconjugated mixture. The _ inhibitory effects 

lasted for at least 2 mo. The inhibition of airway eosinophilia by the 

conjugate was Ag specific and associated with an improvement of the airway 

hyperresponsiveness and the unresponsiveness of the Ag-specific Th2 cells 

in the regional lymph nodes. The CpG-Ag conjugate was 100-fold 

more effective than the unconjugated mixture for inducing m vitro Thl 

differentiation in an lL-12-dependent manner. Our data 

show that CpG conjugated to Ag can work as a novel Ag-specitic 

immunomodulator and imply that inhalation of allergen-CpG rnnrhial 

conjugate could be a desensitization therapy for patients with bronchial 

asthma . 
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Immunostimulatory sequence (ISS) DNA containing unmethylated CpG _ 
dinucleotides stimulate NK and APC to secrete proinflammatory cytokines, 
including IFN-alphabeta and -gamma, TNF-alpha, and IL-6 and -12, and to 
express costimulatory surface molecules such as CD40, B7-1, and B / z . 
Althouqh ISS DNA has little direct effect on T cells by these criteria, 
immunization of wild-type mice with ISS DNA and OVA results in Ag-specific 
CTL and Thl-type T helper activity. This investigation examines the 
mechanisms by which ISS DNA primes CDS (+) and CD4( + ) lymphocyte 
activities. In this report we demonstrate that ISS DNA regulates the 
expression of costimulatory molecules and TAP via a novel autocrine or 
paracrine IFN-alphabeta pathway. Coordinated regulation of B7 ^ 
costimulation and TAP-dependent cross-presentation results in priming of 
Ag-specific CD8 (+) CTL, whereas CD40, B7, and IL-12 

costimulation is required for priming of CD4 ( + ) Th cells by ISS-based 
vaccines . 
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Colony-stimulating factor-1 suppresses responses to 
CpG DNA and expression of toll-like receptor 9 but 
enhances responses to lipopolysaccharide in murine 
macrophages. 

AUTHOR* Sweet Matthew J; Campbell Carol C; Sester David P; Xu Darno; 
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Department of Immunology and Bacteriology, University of 
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During bacterial infections, the balance between resolution of infection 
and development of sepsis is dependent upon the macrophage response to 
bacterial products. We show that priming of murine bone marrow-derived 
macrophages (BMMs) with CSF-1 differentially regulates the response to two 
such stimuli, LPS and immunostimulatory (CpG) DNA. CSF-1 
pretreatment enhanced IL-6, IL-12, and TNF-alpha 

production in response to LPS but suppressed the same response to 
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CpG DNA. CSF-1 also regulated cytokine gene expression in response 

to CpG DNA and LPS; CpG DNA-induced IL- 

12 p40, IL-12 p35, and TNF-alpha mRNAs were 

all suppressed by CSF-1 pretreatment . CSF-1 pretreatment enhanced 
LPS-induced IL-12 p4 0 mRNA but not TNF-alpha and 
IL-12 p35 mRNAs , suggesting that part of the priming 
effect is posttranscriptional . CSF-1 pretreatment also suppressed 
CpG DNA-induced nuclear translocation of NF-kappaB and 
phosphorylation of the mitogen-activated protein kinases p38 and 
extracellular signal-related kinases-1/2 in BMMs, indicating that early 
events in CpG DNA signaling were regulated by CSF-1. Expression 
of Toll-like receptor (TLR) 9, which is necessary for responses to 
CpG DNA, was markedly suppressed by CSF-1 in both BMMs and 
thioglycolate-elicited peritoneal macrophages. CSF-1 also down-regulated 
expression of TLR1, TLR2 , and TLR6, but not the LPS receptor, TLR4, or 
TLR5. Hence, CSF-1 may regulate host responses to pathogens through 
modulation of TLR expression. Furthermore, these results suggest that 
CSF-1 and CSF-1R antagonists may enhance the efficacy of CpG DNA 
in vivo. 
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AB Unmethylated CpG motifs are frequently found in bacterial DNA, 

and have recently been shown to exert immunostimulatory effects on 
leukocytes. Since bacterial infections in the CNS will lead to local 
release of prokaryotic DNA, we wanted to investigate whether such an event 
might trigger meningitis. To that end, we have intracisternally injected 
mice and rats with bacterial DNA and oligonucleotides containing 
CpG motifs. Histopathological signs of meningitis were evident 
within 12 h and lasted for at least 14 days, and were characterized by an 
influx of monocytic, Mac-3(+) cells and by a lack of T lymphocytes. To 
study the mechanisms whereby unmethylated CpG DNA gives rise to 
meningitis, we deleted the monocyte/macrophage population leading to 
abrogation of brain inflammation. Also, interaction with NF-kappaB using 
antisense technology led to down-regulation of proinflammatory cytokine 
production and frequency of meningitis. Furthermore, specific interactions 
with vascular selectin expression and inhibition of NO synthase led to a 
significant amelioration of meningitis, altogether indicating that this 
condition is dependent on macrophages and their products. In contrast, 
neutrophils, NK cells, T/B lymphocytes, IL-12, and 

complement system were not instrumental in meningitis triggered by 
bacterial DNA containing CpG motifs. This study proves that 
bacterial DNA containing unmethylated CpG motifs induces 
meningitis, and indicates that this condition is mediated in vivo by 
activated macrophages. 
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Human plasmacytoid dendritic cells (DC) (PDC, CD123+) and myeloid DC (MDC, 
CDllc+) may be able to discriminate between distinct classes of microbial 
molecules based on a different pattern of Toll-like receptor (TLR) 
expression. TLR1-TLR9 were examined in purified PDC and MDC.TLR9, which 
is critically involved in the recognition of CpG motifs in mice, 
was present in PDC but not in MDC. TLR4 , which is required for the 
response to LPS, was selectively expressed on MDC. Consistent with TLR 
expression, PDC were susceptible to stimulation by CpG 

oligodeoxynucleotide (ODN) but not by LPS, while MDC responded to LPS but 
not to CpG ODN. In PDC, CpG ODN supported survival, 

activation (CD80, CD86, CD40, MHC class II), chemokine production (IL-8, 
IP-10) and maturation (CD83) . CD40 ligand (CD40L) and CpG ODN 
synergized to activate PDC and to stimulate the production of IFN-alpha 
and IL-12 including bioactive IL-12 

p70. Previous incubation of PDC with IL-3 decreased the amount of 
CpG-induced IFN-alpha and shifted the cytokine response in favor 
of IL-12. CpG ODN-activated PDC showed an 

increased ability to stimulate proliferation of naive allogeneic CD4 T 
cells, butThl polarization of developing T cells required simultaneous 
activation of PDC by CD4 0 ligation and CpG ODN. CpG 

ODN-stimulated PDC expressed CCR7, which mediates homing to lymph nodes. 
In conclusion, our studies reveal that IL-12 p70 

production by PDC is under strict control of two signals, an adequate 
exogenous microbial stimulus such as CpG ODN, and CD40L provided 
endogenously by activated T cells. Thus, CpG ODN acts as an 
enhancer of T cell help, while T cell-controlled restriction to foreign 
antigens is maintained. 
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AB OBJECTIVE: To investigate the features of arthritis induced by bacterial 
DNA that contain CpG motifs. METHODS : Bacterial DNA originating 
from Escherichia coli and Staphylococcus aureus or synthetic 
oligonucleotides containing CpG motifs were injected directly 
into knee joints of mice. Histopathologic joint damage, antibody levels, 
cytokine levels, and synovial messenger RNA (mRNA) expression of cytokines 
and chemokines were assessed. RESULTS: Histopathologic signs of arthritis 
were evident within 2 hours and lasted for at least 3 weeks Nonmethylated 
CpG motifs were responsible for the induction of arthritis since 
oligonucleotides containing these motifs triggered arthritis, whereas 
methylation of these nucleotides abrogated the inflammatory response. 
Arthritis was characterized by an influx of monocytic, Mac-1+ cells and by 
a scarcity of T lymphocytes. The disease was characterized locally by mRNA 
expression of macrophage-derived cytokines (tumor necrosis factor alpha, 
interleukin-12 [IL-12], IL-lbeta) and chemokines 

(monocyte chemoattractant protein 1, RANTES) in arthritic joints. 
Systemically, the arthritis was characterized by increased levels of 
circulating IL-6 and immunoglobulins. CONCLUSION: These findings 
demonstrate that bacterial DNA that contain nonmethylated CpG 
motifs induces arthritis, suggesting an important pathogenic role for 
bacterial DNA in septic arthritis. 



(1998 Oct 15) 161 
ISSN: 0022-1767. 



(8) 3930-5. 



MEDLINE 
1998451440 MEDLINE 
98451440 PubMed ID: 9780160 
Cyclosporin A enhances IL-12 production 
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Certain sequences of nucleotides (CpG motifs) in bacterial DNA 
or synthetic oligonucleotides (CpG DNA) promote the production 
of proinflammatory cytokines, including TNF-alpha, IFN-gamma, IL-6, and 
IL-12. Here we demonstrate that the immunosuppressant 
cyclosporin A (CsA) unexpectedly enhanced CpG ^ DNA- induced 
IL-12 production in murine splenocytes. CsA did not 
inhibit CpG DNA-induced TNF-alpha or IL-6 production, but 
decreased the production of IFN-gamma by CpG DNA. Upon examining 
mechanisms by which CsA increases IL-12 production, we 
found that CpG DNA can also induce IL-10 production in B cells 
and that this production was sensitive to CsA . IL-10 has anti-inflammatory 
effects and can reduce the production of IL-12. To 

determine the possible role of CsA-modulated IL-10 production in mediating 
the increased IL-12 levels, splenocytes from IL-10 

gene-disrupted mice (IL-10 -/-) and splenocytes cultured in anti-IL-10 Ab 
were studied. CpG DNA-stimulated IL-10 (-/-) splenocytes 
demonstrated no increase in IL-12 levels in the 

presence of CsA. Anti-IL-10 Ab treatment of normal splenocytes increased 
the magnitude of CpG DNA-induced IL-12 
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production to that seen with CsA. These results suggest that CpG 

DNA induces CsA-sensitive IL-10 production in B cells and that IL-10 act; 

as a negative feedback regulator of CpG DNA-induced IL 



-12 production. 



